The potential of three auxin analogs, 4-, 5-, and 6-azidoindole-3-acetic (4-N3IAA, 5-N3IAA, and 6-N31AA), as photoaffinity labeling agents for the detection and isolation of auxin receptors was assessed by irradiating these compounds at 365 nm on TLC plates, in solution, and in contact with soybean (Glycine max L. Meff. var. Wayne) hypocotyl. Photolysis on TLC plates produces immobile spots, indicating extremely polar or covalent binding of the photoproducts to the plates. On irradiation in buffer or in buffer containing sucrose, all three compounds decompose at rates that are first order in N3IAA to give fluorescent solutions. Photolysis through a Pyrex filter is slower than that through quartz, but the filter prevents tissue damage and allows a given dose of irradiation to photolyze all three N3IAAs to the same extent. The effects of photolysis of these compounds in vivo were evaluated with a straight growth assay using etiolated soybean hypocotyl segments. According to this assay, the photoproducts of the N3IAAs possess little auxin activity. Irradiation of soybean hypocotyl tissue after 1-hour exposure to 4-N3IAA in the dark causes the tissue to grow during 12 hours as much as tissue that is continuously exposed to 4-N3IAA in the dark for this period, suggesting that, on photolysis, this auxin analog binds irreversibly to an auxinsensitive site. Although the fluorescence intensity of the photolyzed N3IAAs is weak enough to require another method of detecting the bound analog under physiological conditions, the evidence for covalent binding of the N3IAAs on photolysis implies that these compounds will be satisfactory photoaffinity labeling agents.
Earlier, we reported the synthesis of 4-, 5-, and 6-azido-3-indoleacetic acid and showed that, in the dark, these compounds are physiologically indistinguishable from IAA in every system tested (14) . As a continuation ofthe assessment oftheir usefulness as fluorescent photoaffinity labeling agents, we now describe the photolysis of these compounds on TLC plates, in solution, and in vivo. In particular, we discuss the conditions required for photolysis ofthe N3IAAs,4 the fluorescence and biological activity of the photoproducts, and the ability of the N3IAAs to bind covalently on photolysis. We also describe a sustained response I Supported by grants from the National Science Foundation (PCM 77-14175, PCM 80-21632, PCM 82-40868, CHE 76-22001, and CHE 81-21796). Presented, in part, at the Annual Meeting of the American Society ofPlant Physiologists, Champaign-Urbana, IL, June 13-17,1982. 2Roger Adams Laboratory, School of Chemical Sciences. 3Department of Plant Biology. 4 Abbreviations: NAA, naphthalene-I -acetic acid; N3IAA, azidoindole-3-acetic acid; 4-N3IAA, 4-azidoindole-3-acetic acid; 5-N3IAA, 5 -azidoindole-3-acetic acid; 6-N3IAA, 6 -azidoindole-3-acetic acid.
of soybean hypocotyl segments to one of the N3IAAs under conditions intended to produce covalent binding of this IAA analog to a physiologically significant site. In the sequel (10) , we provide quantitative binding data for the N3IAAs in maize. In a future paper, we will report experiments using radiolabeled N3IAAs to locate auxin-binding proteins.
MATERIALS AND METHODS
Plant Material. Glycine max L. Merr. var. Wayne was sown onto moist vermiculite and harvested after 3.5 d. Unless otherwise noted, all operations involving seed or plant tissue were done in the dark or under green light at 27°C and 85% RH.
Chemicals. High quality, white, crystalline IAA (melting point > 167-169°C) was purchased from Sigma and stored in a brown vial at -5°C. The preparation of 4-, 5-, and 6-N3IAA has been described (14) . These compounds were stored in brown, foilwrapped vials at 3C. Unless noted otherwise, all manipulations of N3IAAs were performed in the dark or under red or green light. Samples of IAA and the N3IAAs for quantitative spectroscopy and for photolysis in solution were weighed by Josef Nemeth and his staff at the University of Illinois. Buffer was 5 mm K-phosphate, pH 6 .0, and sucrose-buffer was 30 mm sucrose and 5 mm K-phosphate, pH 6.0. Stocks and solutions described below were stored at 3C; those containing N3IAAs were wrapped in aluminum foil.
Equipment. Electronic absorption spectra were recorded on a Beckman Acta MVI from 350 to 200 nm, unless stated otherwise.
Except where noted, samples were in 1-cm path length silica cells with water as reference and blank. Fluorescence emission spectra were obtained on a Spex Fluorolog attached to a circulating Lauda K-2/RD constant temperature bath. Samples were allowed to equilibrate at 20°C for 10 min before fluorescence emission spectra were recorded. For photolysis in solution and on TLC plates, the UV source was a Mineralight lamp from UV Products (San Gabriel, CA) containing a 15-cm 6-w bulb (365-nm peak maximum). For photolysis involving plant tissue, the UV source was a desk lamp containing a 46-cm General Electric F15T8-BL 15-w bulb (365-nm peak maximum). 11 h. Segments in the other two sets of flasks were washed three times with 100-ml portions of water, the contents of each flask being washed separately. Segments from dark treatment flasks were transferred to 25-ml Erlenmeyer flasks each containing 4 ml fresh sucrosebuffer. These flasks were loosely capped, wrapped in heavy aluminum foil and shaken for an additional 11 h. Segments from light treatment flasks were transferred to compartments in one of the photolysis boxes, each compartment being reserved for the contents ofa single flask and containing 4 ml offresh sucrosebuffer. The segments were irradiated for 50 min as described above and then transferred, with the sucrose-buffer in which they were irradiated, to 25-ml Erlenmeyer flasks, which were loosely capped, wrapped in heavy aluminum foil, and shaken for an additional 10.2 h. Each treatment was performed in each solution three to six times.
RESULTS
Photolysis on TLC Plates. Brief photolysis of 4-, 5-, and 6-N3IAA on three types of TLC plates produced spots that did not move on development, despite the high polarity of the chosen eluants (Fig. 1) . In each case, intact N3IAAs were also detectable, as expected for partial photolysis. Although the number, mobility, fluorescence, and stability of the photoproducts depended upon the isomer and the plate type, photolysis under a given set of conditions was reproducible. For IAA itself, no photolysis and no tight binding to the plate were observed.
Spectroscopy. Electronic absorption and fluorescence emission spectra of IAA and the N3IAAs in buffer are summarized in Table I . Spectra of all four compounds agree with those previously obtained in water or in 95% ethanol (3, 7, 14) . The N3IAAs are nonfluorescent, as expected. In all cases, spectra were unaffected by the addition of sucrose. Because the fluorescence intensity of many indoles is temperature-dependent (20) 'Shoulder.
azides are photolabile, fluorescence emission spectra of these compounds were recorded at constant temperature and rapid scan rates. Neither precaution, however, was found to be necessary for obtaining reproducible electronic absorption spectra. Photolysis in Solution. IAA, 4-, 5-, and 6-N3IAA were irradiated with 365 nm light in buffer and in sucrose-buffer. The pH remained constant throughout photolysis. Decomposition was monitored by electronic absorption and fluorescence emission spectroscopy. In both solvents, after 2 h of irradiation, the electronic absorption and fluorescence emission spectra of IAA revealed slight decomposition, the extent of photolysis being somewhat greater in the absence of sucrose. By contrast, irradiation of the three N3IAAs was accompanied by pronounced changes in both types of spectra.
Most of the changes in the electronic absorption spectra occurred within the first 2 h of irradiation. Further minor changes occurred on prolonged irradiation or on storage in the dark for the 4-and 6-but not for the 5-N3IAA. Analysis of the electronic absorption spectra as described in "Materials and Methods" showed that all photolyses were first order in N3IAA. The photolytic half-lives for these reactions, displayed in Table II, show that, in buffer, the 4-N3IAA decomposes more rapidly than 6-N3IAA and that 5-N3IAA is slowest to disappear. Neither the rates of decomposition nor the appearance of the final spectra were affected by the presence of sucrose.
Changes in the fluorescence emission spectra were more complex. As shown in Table I , each N3IAA produced one or more fluorescence emission maxima on photolysis. The fluoresence intensity of most of these peaks continued to undergo significant changes on prolonged irradiation or on storage in the dark. In general, the rates of increase of the intensities of these peaks did not agree with the rates of disappearance of the corresponding N3IAA calculated from changes in the electronic absorption spectra. Except for 5-N3IAA, the fluorescence intensity of the photolyzed solutions was weak compared with that for equivalent concentrations of IAA.
Effect of a Pyrex Filter. A Pyrex filter was used for photolysis in vivo to prevent irradiation damage of plant tissue. Preliminary experiments showed that the ability of unprotected tissue to respond to IAA is greatly reduced by irradiation prior to the addition of IAA. A Pyrex filter, which absorbs light below 300 nm, prevents such damage, whereas Saran Wrap, which is transparent below 300 nm, provides no protection.
Results of photolysis of the N3IAAs through a Pyrex filter under conditions used in vivo were similar to those obtained on photolysis through quartz as described above. Photodecomposition on irradiation through Pyrex was first order, as was the case on irradiation through quartz. Electronic absorption spectra of completely photolyzed solutions differed only slightly from those obtained on photolysis through quartz. Rates of photolysis on irradiation through Pyrex were much slower than on irradiation through quartz, however, as shown in Table II , and were similar for all three N3IAAs, in contrast to the different rates ofphotolysis observed for each N3IAA on photolysis through quartz.
Auxin Activity of Photoproducts. The auxin activity of the photoproducts ofthe N3IAAs was assessed by photolyzing growth media through a Pyrex filter for various lengths of time before tissue segments were added, as shown in Scheme 1, photoproduct treatment. Sucrose-buffer and IAA in sucrose-buffer served as controls. As shown in Figures 2 and 3 , solutions of N3IAAs that have been photolyzed for 8 h display very little auxin activity in the soybean assay. From the measured half-lives of these compounds on irradiation through a Pyrex filter, the concentration of N3IAA remaining after 8 h was calculated to be less than 10 nm in agreement with the virtually complete decomposition revealed by the electronic absorption spectra of these solutions. Moreover, solutions of N3IAAs irradiated for 24 h show no further diminution of auxin activity and little further change in electronic absorption spectra. Thus, the slight auxin activity observed after 8 h of photolysis is unlikely to be attributable to any residual N3IAA. More probably, the small amount ofgrowth observed is due to weak auxin activity of the photoproducts themselves. Solutions containing IAA irradiated for 8 h display a slight depression in auxin activity, in agreement with the partial photolysis of IAA observed earlier (see "Photolysis in Solution") and with the decomposition of IAA by light reported by others under different conditions (1, 12, 18, 22) . As expected, irradiation of sucrose-buffer before addition oftissue segments had no effect on the minimal growth observed in this medium.
Photolysis in Vivo. The ability of the N3IAAs to bind covalently upon photolyisis in vivo was assessed by growing segments of soybean hypocotyl under three sets of conditions. These treatments, designated constant, dark, and light, are summarized in Scheme 1 and the results are displayed in Figure 3 . For each treatment, sucrose-buffer and IAA in sucrose-buffer were included as controls. In all three treatments, segments in which endogenous auxin had been depleted were incubated for 1 h in solutions containing no auxin, IAA, or N3IAA. The purpose of this loading step was to allow IAA or N3IAA to permeate the tissue and to occupy auxin-sensitive sites. At this point, the (14) . The low growth observed under these conditions in sucrosebuffer implies that endogenous auxins were not being regenerated in significant amounts during the course of the experiments.
In the dark treatment, after the initial 1-h exposure to solutions containing no auxin, IAA, or N3IAA, tissue was transferred to fresh sucrose-buffer in which it was grown for an additional 11 h. Again, all three N3IAAs behaved like IAA. As might be expected considering the shorter exposure to IAA or N3IAA, tissue grew less than when hormone was present for the entire growing period. The possibilities were investigated separately that the differences in growth observed between the dark and constant treatments resulted from the additional handling of the tissue or the extra washing and change in solution associated with the dark treatment. No tactile response was observed, within experimental error. The effect of the extra washing and change in solution was small, accounting for the differences in growth in sucrose-buffer between dark and constant treatments, but not for the differences in IAA or in N3IAA.
In the light treatment, after tissue had been exposed to N3IAA during the loading phase, it was transferred to fresh sucrose-Photoproduct Constant Dark Light Treatment buffer, as in the dark treatment. In the light treatment, however, the tissue was irradiated for 50 min before being returned to darkness for the remainder of the growing period. In this treatment, IAA, 5-, and 6-N3IAA again behaved alike, showing significantly reduced growth, but the 4-isomer behaved quite differently, showing full auxin activity. To confirm this unusual result, we repeated the experiment 10 times (including the six times reported here), using two different seed lots, over the space of 2 years, with three different people performing the comparative experiments.
DISCUSSION
With few exceptions (16, 21) , attempts to locate and isolate plant hormone receptors have relied upon equilibrium binding techniques. Such techniques suffer inherent limitations, the most serious being the lability of ligand-receptor complexes. Our investigation is based on covalent attachment of a special class of auxin analog, the N3IAAs, to auxin receptors using the technique of photoaffinity labeling.
In this technique (2, 4-6, 11, 13), a photoactive substrate analog binds reversibly to a receptor in the dark. On photolysis, the analog generates a chemically reactive species, which undergoes covalent attachment to the active site of the receptor. If diffusion of the reactive intermediate away from the active site is rapid compared with the rate of covalent attachment, binding to the receptor outside the active site, to extraneous tissue components, or to the solvent can occur. Reactive intermediates that have become bound to solvent can be removed easily by washing, as can those that have achieved stability through rearrangement or abstraction rather than through addition or insertion. Labeling outside the active site or on extraneous tissue components (nonspecific labeling) can be a serious problem, however, since these molecules cannot be washed away. At high levels, such labeling can obscure labeling inside the active site (specific labeling).
The results of photolysis of the N3IAAs on three types of TLC plates are encouraging, particularly those for cellulose, the support providing the closest analogy to plant systems. The photoproducts are fluorescent, at least when bound to alumina and cellulose, and the tight binding of most photoproducts to the TLC plates indicates extremely polar or covalent binding.
Photolysis in solution leads to several important conclusions. First, the N3IAAs are readily photolyzable in the absence of a Pyrex filter, having half-lives on the order of minutes under these conditions. Second, sucrose, a major constituent of the growth media used for photolysis in vivo has no effect on the spectra of the N3IAAs or on the course of photolysis. Third, like photolysis on TLC plates, photolysis in solution generates multiple products, some of which are unstable. Photolyzed 4-N3IAA, for example, gives three widely spaced fluorescence emission maxima, exhibiting different rates of increase and decay of fluorescence intensity, none of which agrees with the rate of disappearance of 4-N3IAA calculated from changes observed in the electronic absorption spectra. These complexities are probably not associated with the main reaction, however. Ifthey were, changes in the electronic absorption and fluorescence emission spectra would be more closely correlated. The observed fluorescence intensities are too low to be experimentally useful in detecting ligand-bound receptors. Fortunately, however, other sensitive methods for detecting bound photoaffinity labels exist. One possibility is radioimmunoassay of the type developed by Pengelley and Meins for IAA (17) . Another alternative is radiolabeling. We have already reported the preparation of 5-azido [7-3H] indole-3-acetic acid (15) and are currently synthesizing two other tritiated N3IAAs.
Our experience with photolysis in solution guided our studies of photolysis in vivo. The principal modification required in vivo was the use of a Pyrex filter. Besides protecting the tissue, the filter has two significant effects. First, it greatly retards the rate ofphotodecomposition by reducing the amount oflight reaching the samples, especially in the high energy portion ofthe spectrum. Although the intensity of irradiation is increased by using a more powerful lamp and by placing it as close as possible to the samples, photolytic half-lives are still inconveniently long. The 50-min irradiation chosen for photolysis in vivo corresponds to only one half-life for all three isomers, yet longer times would make irradiation consume an unreasonably large fraction of the total growing time for the bioassay. The second effect of the filter is to reduce the differences in the rates of photolysis observed for the three N3IAAs on irradiation through quartz, perhaps because the 5-isomer, which is the most resistant to photolysis through quartz, is the only one of the azido auxins to have a Xma, above the Pyrex cutoff.
In most respects, the results of photolysis in vivo suggest that the technique ofphotoaffinity labeling works as described earlier. (8, 9, 19) .
(c) Subtle 
